Summary -The design of electronic ballast for high pressure sodium (HPS) lamps requires to take into account the starting and steady-state conditions of the lamp. It is highly desirable to carry out the lamp ignition under minimum voltage and current stresses. In steady state, the ballast must ensure that the power supplied to the lamp, P lamp , is maintained within the operation area defined by the trapezoidal diagram of the lamp. The aim of this paper is to define a new design criterion for class D LC s C p resonant inverters applied to the control of HPS lamps. The analysis is oriented, first, to determine and minimize the effect of the lamp aging on the circuit and second, to the selection of the most suitable value of the resonant network components in order to achieve a good production yield at industrial scale. The effect of the aging on the lamp increases its equivalent resistance, R lamp , to up to 160% of its nominal value during its lifetime. The lamp being the most variable element in the ballast circuit. The design sequence proposed in this paper minimizes the lamp power sensitivity regarding R lamp . Practical prototypes easily achieve maximum lamp power increments lower than 20% throughout the lamp lifetime. This characteristic simplifies the design, since no additional feedback control circuit is needed to stabilize P lamp . However, additional constraints to the design sequence need to be introduced when considering the tolerance of the other circuit components. The complete sensitivity analysis allows us to evaluate how critical the components of the design are, showing that the inductance L is the component of the resonant network whose variation produces the highest deviation in P lamp when the switching frequency approaches the unloaded resonant frequency of the LC s C p network. The paper justifies the capacitor ratio C p /C s according to the tolerance of L. The experimental results obtained for a new 100W lamp SON-T manufactured by Philips were the following: lamp power factor PF lamp =0.992, the R lamp being 85.42Ω and the lamp current crest factor CF=1.54, below of the maximum value, 1.7. The experimental results using an aged lamp LUCALOX 100W manufactured by General Electric are given below: The aging was estimated in 15,000 hours of operation. The lamp power rises up to P lamp =117W, R lamp being 163.42Ω. For a variation of ∆R lamp /R lamp =91%, the measured increase of P lamp over the nominal value was only ∆P lamp /P lamp =17%. The measured CF of the lamp current was CF=1.4. As the resulting circuit accepts large variations on the load, this method may become general for discharge lamps. On the order hand, the design evaluation by the Monte Carlo method predicts a good yield in the case of industrial production of the circuit. The Monte Carlo study was developed making use of the electrical simulator PSpice. The circuit components L, C s and C p were considered for analysis purposes. The other elements were fixed at their nominal values. The normal distribution was assumed for the value of L, C s and C p , which describes the majority of natural populations. The selected value of 15% of tolerance was chosen for the inductance L. In the case of the capacitors, it was considered that high-voltage, nonpolarized MKP-type capacitors (metallized polypropylene) are normally used in resonant circuits. The range of working temperature for these capacitors is -55ºC to 100ºC. The available values of tolerances are ±20% (M), ±10% (K) and ±5% (J), a value of 5% of tolerance being selected for C s and C p . The parameters of the resulting distribution, obtained for P lamp after 350 cycles of Monte Carlo, are µ=99.418W and σ=8.39702W. In order to evaluate the result, the upper and lower specification limits (USL and LSL) were established according to the trapezoidal diagram for 100W HPS lamps. In this case, LSL=80W and USL=120W. According to these values, it is expected that, in final production, 0.71% out of the total number of circuits exceed the USL and 1.04% the LSL. Summarizing, the number of circuits that would not meet the quality specification is 1.75% of the total number of manufactured circuits. That means approximately 17 ballasts rejected per thousand. If the inductance tolerance is restricted to 10%, an increment up to 99.96% in the yield is achieved.
